Summary An association between the dietary intake of polyphenols and human health has been shown in many epidemiological studies. Since beverages are rich sources of polyphenols, we aimed to evaluate the polyphenol intake from beverages in Japanese individuals with a focus on differences according to year, age, gender and season. More than 10,000 Japanese male and female subjects aged 1-99 y old participated in this survey every year from 1996 to 2013, and their beverage consumption and amount of polyphenol intake were calculated. Polyphenol intake from beverages in Japan showed no tendency to increase or decrease over the 18-y period, and the major sources of polyphenols in Japanese daily life were coffee and green tea. Polyphenol intake was larger in participants with higher age up to 59 y old in both male and female subjects. There was a slight difference in polyphenol intake by gender, with adult males consuming more polyphenols than adult females. Polyphenols were consumed slightly more in the winter than the summer, although the seasonal difference in polyphenol intake was not large. Our results suggest that polyphenol intake from beverages is influenced by age rather than gender or season in Japan, and may not have changed over time, at least over the 18-y period beginning in 1996 in Japan.
Many health effects are associated with the intake of polyphenols (1) , and epidemiological studies on polyphenols have evaluated their potential for reducing the risk of choronic diseases such as cardiovascular disease (2, 3) . Several researchers have estimated the polyphenol intake of Europeans and Americans (4-7); however, information about polyphenol consumption in Japanese is limited.
Many beverages, such as tea, are mainly composed of extracts of plants and may be rich sources of polyphenols; therefore, we conducted a large-scale drink survey and assessed the intake of polyphenols from beverages in Japan. In our previous report, the total consumption of beverages in Japanese individuals (aged 10-59 y) was 1.1160.51 L/d, and the intake of polyphenols from beverages was estimated to be 8536512 mg/d; this amount was influenced by age rather than by gender (8) . However, there is no information on children under 10 or elderly people over 60 y old. Beverage consumption may change according to age because Japanese often drink water and barley tea in childhood but their preference could be changed to drink more astringent and bitter beverages as they grow older. In addition, there has been no report addressing changes in polyphenol intake over time or by season, to our knowledge. Beverage consumption might be influenced by year, because in recent years people seem to have been consuming more commercially produced beverages, and might also be influenced by seasons which bring fluctuations of ambient temperature and may cause a change in beverage choice.
In this study, we aimed to evaluate polyphenol intake from beverages based on our ongoing drink survey data in Japanese individuals (aged 1-99 y), focusing on differences according to year, age, gender and season.
Materials and Methods
Survey for beverage consumption. Beverage consumption surveys were conducted in winter (January or February), spring (April or May), summer (July or August) and autumn (October Calculation of polyphenol intake from beverages. We calculated the polyphenol intake from beverage consumption data and their polyphenol contents. The polyphenol contents were reported in our previous report (8, 9) , as measured by a modified Folin-Ciocalteu method (10) . The obtained values were expressed as means. Figures 1 and 2 show the trends of consumption of beverages and polyphenols by year. The polyphenol intakes exhibited no apparent alteration over the 18-y study period in any age-group or in either gender.
Results

Polyphenol intake from beverages
As shown in Table 1 , for 18 y from 1996 to 2013, the Japanese individuals, aged 1-99, who participated in this survey consumed from 708 to 794 mg/d of polyphenols from beverages on average. The average amounts of polyphenol intake over the course of 18 y were 157 mg/d in subjects aged 1 to 9, 354 mg/d in subjects aged 10 to 19, 732 mg/d in subjects aged 20 to 29, 923 mg/d in subjects aged 30 to 39, 1,049 mg/d in subjects aged 40 to 49, 1,099 mg/d in subjects aged 50 to 59, and 995 mg/d in subjects 60 y old and over. Polyphenol intake increased according to age from 1 to 59 (Fig. 1B) .
Adult males consumed from 966 to 1,055 mg/d of polyphenols from beverages on average, and adult females consumed from 878 to 976 mg/d (Table 1) . Adult males showed slightly higher beverage consumption and polyphenol intake than adult females, and the average polyphenol intake reached more than 1 g/d in adult males (Fig. 2B) .
With regard to season, beverage consumption was high in the summer and low in the winter every year (Fig. 3) . On the other hand, polyphenol intake was high in the winter and low in the summer, although the difference in the seasonal average of polyphenol intake each year was small, in the range of 33-121 mg/d. Polyphenol intake in the spring and autumn was near the midpoint between the summer and the winter levels.
Proportion of polyphenol intake
The proportions of the total beverage consumption and polyphenol intake accounting for difference in types of beverages in each year are shown in Fig. 4 . Through- out the 18-y period, coffee remained the largest source of polyphenol consumption, accounting for 44-49% of the daily polyphenol consumption from beverages. Green tea accounted for 30-36% of the total. Figure 5 shows the proportions of the total beverage consumption and polyphenol intake accounted for by different age and gender groups in 2013. The consumption of beverages and polyphenol intake increased according to age from 1 to 59. The proportion of polyphenol intake was influenced by age. Children consumed smaller amounts of polyphenol from beverages, approximately one-third to one-half less than adult subjects, because the subjects younger than 20 y old drank mainly barley tea, which has a low polyphenol content. The consumption of coffee was markedly changed by age, and the beverage that contributed most to polyphenol consumption was coffee in subjects aged 30 to 59. The consumption of green tea also increased with age, and in the group over the age of 60, green tea was a slightly larger source of polyphenol consumption (accounting for 44-61% of the polyphenol intake from beverages) than coffee (making up 29-40%). On average, in adult subjects, coffee was the largest contributor to the polyphenol intake and green tea was the second largest in both males and females. The third largest contributor to polyphenol intake was beer in adult males and black tea in adult females, although their shares were very small, 7% on average.
The changes over time in the proportion of the total beverage consumption and polyphenol intake accounted for by specific generational groups are shown in Fig. 6 . People aged 23-32 y old in 1996 were aged to 32-41 y old 8 y later in 2005 and 40-49 y old 17 y later in 2013. Beverage consumption and polyphenol intake was getting higher in the 8 y-and 17 y-later corresponding groups, where coffee rather than green tea contributed to this change.
The seasonal differences in the proportions of total beverage consumption and polyphenol intake accounting for difference in types of beverages are shown in Fig.  7 . Barley tea, with low polyphenol content, was consumed most in the summer, whereas green tea was consumed least in the summer, which resulted in a higher total polyphenol intake in the winter than in the summer, even though the total beverage consumption was higher in the summer. This tendency was maintained in all 18 y of the observation period.
Discussion
In this study, we surveyed the polyphenol intake from beverages in Japanese individuals over a recent 18-y period, and assessed the differences in intake according to year, age, gender and season. To our knowledge, this is the first study of polyphenol consumption in Japan to investigate changes over time and seasonal changes. The average polyphenol intake from beverages was within the range of 700-800 mg/d. The polyphenol intake observed in the present study was slightly different from that in our previous study using the survey data in 2004, where children less than 10 y old and elderly individuals aged over 60 y were excluded (8) . The polyphenol intake in the present study was equivalent to that in our previous study when estimated in the same age range of the participants. We aimed to investigate whether polyphenol intake had changed over the decades because the Japanese beverage market has been changing in recent years. For example, consumers have been able to buy appropriately sized, easy-to-carry bottled drinks since around 1996, and recently the consumption of low-priced, freshly brewed coffee provided by convenience stores has increased dramatically; however, polyphenol intake among Japanese individuals did not change over this 18-y period. Studies in Finland (4) and France (5) have reported that coffee is an exceptionally large source of polyphenols. The biggest source of polyphenols in Japan according to the present study was also coffee, which was in line with our previous studies (8, 9) . Green tea was the second-largest source of polyphenols on average, but it was slightly higher than coffee in participants over age 60, suggesting that green tea is also a large source of polyphenols in Japan in addition to coffee, especially in older age groups. As for differences in polyphenol intake according to age, it was found that children consumed less polyphenol than adults. Polyphenol intake in teenagers was 34% of that of participants in their 40s, although the overall consumption of beverages in teenagers was 77% of that of participants in their 40s. Not only the quantity of total beverage consumption, but also the amount of beverages rich in polyphenols was very small in children. Polyphenol intake increased according to age from 1 to 59, depending on the increase in the volume of coffee and/or green tea consumed. The polyphenol intake from beverages was expected to be influenced not by the passage of time but by age. People in the same age group consumed similar amounts of polyphenols, and Japanese adults consumed the lowest amounts of polyphenols in their 20s and the greatest in their 50s in each year surveyed. Polyphenol intake of the participants in their 40s in 2013 was 1.4-fold higher than that of those in their 20s in 1996. This large change in polyphenol intake was due to an increase in coffee consumption, and there were no appreciable changes in the consumption of beverages other than coffee. This implies that polyphenol intake increases according to age and that coffee consumption contributes to the age-dependent increase of polyphenol intake. This study was composed of a series of cross-sectional surveys, and the participants were not the same people throughout the 18 y, which represents a limitation of the study in terms of definitively showing such age dependency.
The assessment of the difference in polyphenol intake by gender was limited to adult participants, because children consumed much smaller amounts of polyphenols than adults. Adult males consumed slightly more polyphenols than adult females, although the difference according to gender was smaller than that according to age. Polyphenol intake in adult females was 95% of that in adult males, although the consumption of beverages in females was considerably less, at 83% of that in males. Adult females may have preferences for selecting polyphenol-rich beverages compared with adult males.
There were slight differences in polyphenol intake among the seasons. Beverage consumption was greatest in the summer and lowest in the winter, whereas polyphenol intake from beverages was greatest in the winter and lowest in the summer. The proportions of total beverage consumption accounted for the difference in types of beverages that varied with the seasons, with participants consuming more beverages rich in polyphenols in the winter. Coffee consumption did not change according to season; however, green tea was consumed less in the summer. Barley tea may have been substituted for green tea in the summer, as it was consumed more in the summer than in other seasons. Polyphenol intake may be influenced slightly by seasonal changes in beverage consumption. Nevertheless, coffee and green tea were the two greatest sources of polyphenols in every season.
There are some limitations to this study. The subjects were limited to individuals living in urban areas. Regional difference in beverage consumption may not be negligible. When beverage consumption in 12 regions of Japan was compared, the highest beverage consumption on average from a region was 1.4 times higher than the lowest one according to the National Health and Nutrition Survey of 2012 (11) . The results of the present study may be valid for Japanese individuals living in urban areas but not for the general Japanese population. Moreover, we were able to assess polyphenol intake from beverages, but information on polyphenol intake from foods was lacking. We showed in our previous study that Japanese women consumed a great deal more polyphenols from beverages (79%) than from foods (21%) (9) , and studies conducted in non-Japanese individuals (4-7) also showed that beverages were a large source of polyphenols. Since large amounts of poly phenols are probably consumed from beverages, evaluation of polyphenol intake from beverages is likely to be useful as a way to elucidate the consumption of polyphenols in the daily life of Japanese individuals.
In conclusion, this study suggested the following: 1) Polyphenol intake from beverages in Japan showed no tendency to increase or decrease over the last 18 y, and the major sources of polyphenol were coffee and green tea; 2) polyphenol intake was larger in participants with higher ages up to 59 y old; 3) there was a slight difference in polyphenol intake by gender, with adult males consuming more polyphenols than adult females; and 4) polyphenols were consumed slightly more in the winter than the summer, although the seasonal difference in polyphenol intake was not large. Our results provide the first evidence that polyphenol intake from beverages is influenced by age, slightly by gender and season, and may not have changed over time, at least over the 18-y period beginning in 1996 in Japan. These data will help elucidate the trends in polyphenol consumption; however, further studies including population-based longitudinal studies are needed to validate the age dependency and also to assess the total polyphenol consumption in the Japanese diet, not only the polyphenol intake from beverages.
